INTRODUCTION
Cytokines consist of a broad group of small proteins that have a crucial role in the immune and inflammatory responses. In general, cytokines are induced transiently on cell activation and are regulated by many factors. Cytokines include interleukins, interferons, tumour necrosis factors, growth factors and chemokines [1] . Among them, the chemokines are a family of small, structurally related proteins. They have a major role in the recruitment and activation of leucocytes in i o. Chemokines share a conserved four-cysteine motif in their amino acid sequences and can be divided into four families on the basis of the position of the first two cysteine residues : CXC (α-chemokine), CC (β-chemokine), C (γ-chemokine) and CX3C (δ-chemokine) [2] .
It has been known for a long time that U937 cells, a human promonocytic cell line, can produce many kinds of cytokines and that interleukin 10 (IL-10) can inhibit the expression of cytokines [3, 4] . On the basis of these two ideas, we devised a strategy to find novel cytokines. Using the suppression-subtractive hybridization (SSH) method [5] , we have isolated cDNA species that could be inhibited by IL-10 in phytohaemagglutinin (PHA)-stimulated U937 cells and have identified a novel secreted cytokine chemokine-like factor 1 (CKLF1) containing a CC motif and having chemotactic effects on leucocytes. Nevertheless, this cytokine differs from classical chemokines in the following ways : (1) there is only one conserved CC motif in the mature protein and no additional C residue in its C-terminal region ; (2) it has no significant similarity to other chemokines ; (3) at least three potential mRNA splicing isoforms exist ; and (4) it has stimulatory effects on skeletal muscle cells. CKLF might repAbbreviations used : ANAE, acid α-naphthyl acetate esterase ; CKLF, chemokine-like factor ; EGFP, enhanced green fluorescent protein ; EST, expressed sequence tag ; HE, haematoxylin-eosin ; IL-10, interleukin 10 ; PHA, phytohaemagglutinin ; POX, peroxidase ; RT-PCR, reverse-transcriptasemediated PCR ; SSH, suppression-subtractive hybridization ; STCP-1, stimulated T-cell chemotactic protein 1 ; TARC, thymus and activation-regulated chemokine. 1 To whom correspondence should be addressed (e-mail masong!mail.bjmu.edu.cn).
stimulated U937 cells. Recombinant CKLF1 is a potent chemoattractant for neutrophils, monocytes and lymphocytes ; moreover, it can stimulate the proliferation of murine skeletal muscle cells. These results suggest that CKLF1 might have important roles in inflammation and in the regeneration of skeletal muscle.
Key words : interleukin 10, skeletal-muscle cells, splicing, suppression-subtractive hybridization.
resent a new protein family that is different from classical chemokine ; we therefore designated it as CKLF1, and its isoforms as CKLF2, CKLF3 and CKLF4.
MATERIALS AND METHODS

SSH
SSH was performed with Clontech PCR-Select4 cDNA Subtraction Kit (Clontech) described by Diatchenko et al. [5] . SSH is a powerful technique that combines the traditional subtractive hybridization method with suppression PCR. It can be used to compare two populations of mRNA and to obtain clones of genes that are expressed in one population but are lower or not expressed in the other. Both mRNA populations are converted into cDNA. We refer to the cDNA that contains specific (differentially expressed) transcripts as the ' tester ' and the reference cDNA as the ' driver '. Tester and driver cDNA are hybridized ; the hybrid sequences are then removed. The remaining non-hybridized cDNA species represent genes that are expressed in the tester population but are lower or not expressed in the driver. Furthermore, suppression PCR prevents undesirable amplification while the enrichment of target molecules proceeds. In the SSH procedure, human promonocytic cell line U937 cells were maintained in RPMI 1640 medium containing 10 % (v\v) fetal bovine serum, 2 nM glutamine, 100 i.u.\ml penicillin and 100 i.u.\ml streptomycin ; the U937 cells, stimulated with 10 µg\ml PHA (Sigma) for 8 h, were used as the tester, whereas the U937 cells with the same treatment in the presence of 100 i.u.\ml IL-10 (Sigma) were used as the driver. cDNA was synthesized from 2 µg of mRNA as the tester (without IL-10) or the driver (with IL-10) and was digested with RsaI. Two types of adapter, provided by the manufacturer, were independently ligated to the tester cDNA species. First and second hybridizations were performed and the resulting annealed material was used as the PCR template. Hybridization mixture (1 µl ; diluted 1 : 1000) was amplified for 27 primary PCR cycles, with the primers provided by the manufacturer ; 15 cycles of the secondary PCR were then done with primary PCR products (diluted 1 : 10) as template. PCR reactions were performed with the Advantage PCR System (Clontech). PCR products were ligated into the pGEM-T easy vector (Promega) and transformed into XL-1 Blue bacteria ; white colonies were screened. This led to the establishment of approx. 100 cDNA clones, of which 15, chosen at random, were sequenced with ALF Expressed Sequencer in accordance with the protocol (Pharmacia) ; the similarity of the sequences with known fragments was compared on the World Wide Web (National Center for Biotechnical Information, http :\\www.ncbi.nlm.nih.gov).
Bioinformatics
A number of human ESTs were initially identified with an expressed sequence tag (EST) fragment obtained from the PHAstimulated U937 subtracted library by running a BLASTN search against the public database of ESTs (dbEST). These ESTs were retrieved and a contig was assembled from overlapping ESTs by using EST Assembly Machine on the World Wide Web (http :\\www.tigem.it) [6] . The GenBank2 accession numbers of the ESTs used for CKLF1 assembly were W38899, N95062, AA429945, AA987264, AA927461, N89912, AA516431, AA479657, AA455042, AA989129, AL044098, AF151058, NMI016951 and W52820. A full-length cDNA sequence was obtained and examined by reverse-transcriptase-mediated PCR (RT-PCR) in PHA-stimulated U937 cells. The putative cleavage site of the signal peptide was predicted by using Signal P server (http :\\www.cbs.dtu.dk\services\SignalP). The gene localization of CKLF1 on the chromosome was analysed with the HTGS database (http :\\www.ncbi.nlm.nih.gov). The accession numbers of the chromosome fragments were AC010542 and AC018557.
Northern blot analysis
The expression of potentially interesting cDNA clones was studied by using Northern blot analysis. 
Oligonucleotides
The primers for amplifying the full-length cDNA sequence of CKLF1 and its variants were 5h-GCA AGA AGC GGG AAG CCG A-3h (P1) and 5h-GGA AGA ATA CAG AAA TAT GTT TAA TAC-3h (P2). Primers for amplifying the coding region of CKLF1 to construct pCDI-CKLF1 were 5h-ATG GAT AAC GTG CAG CCG AAA AT-3h (P3) and 5h-TTA CAA AAC TTC TTT TTT TTC ATG C-3h (P4). The 3h end primer for amplifying the fragments to construct pEGFP-N1-CKLF1 (in which EGFP stands for enhanced green fluorescent protein), pEGFP-N1-CKLF2 and pEGFP-N1-CKLF4 was 5h-CGG GAT CCA AAA CTT CTT TTT TTT CAT GC-3h (P5). 
CKLF1 expression pattern analysis
Plasmid constructions
For analysis of the subcellular localization of CKLF1, CKLF2 and CKLF4, the full-length coding sequences were cloned in frame into the pEGFP-N1 expression vector (Clontech). The coding regions of CKLF1, CKLF2 and CKLF4 were amplified from the cDNA library of PHA-stimulated U937 cells, using primers P3 and P5, in which the stop codon was removed and a BamH1 site was introduced at 3h of the CKLF1, CKLF2 or CKLF4 coding region. The PCR products were blunted with Klenow enzyme and then cut with BamHI. The pEGFP-N1 expression vector was cut with EcoRI, blunted with Klenow enzyme and then digested with BamHI. After recovery from gels, the fragments were ligated into the treated vectors and the recombinant plasmids were designated pEGFP-N1-CKLF1, pEGFP-N1-CKLF2 and pEGFP-N1-CKLF4 respectively. With regard to the construction of pCDI-CKLF1, the coding region including the stop codon was amplified from the same cDNA library as described above with primers P3 and P4, then cloned into pGEM-T-easy vector (Promega). The insert was released by cutting with EcoRI and subcloned into the EcoRI site of the mammalian expression vector pCDI, which replaces the BglII-KpnI fragment of pCDNA3 (Invitrogen) with the BglIIKpnI fragment of pCI [7] . The sense pCDI-CKLF1 expression vector was selected by restriction enzyme analysis.
Transfection and transfectants
For transient transfections, COS-7 cells were maintained in Dulbecco's modified Eagle's medium with 10 % (v\v) fetal calf serum and 4 mM glutamine. The cells were transfected with Superfect Transfection Reagent (Qiagen) in accordance with the instructions of the manufacturer. After 48 h the supernatants of the cells transfected with EGFP constructs were collected for Western blot analysis. The cells were washed twice in ice-cold PBS and then fixed in 4 % (w\v) paraformaldehyde for 30 min. They were washed again in PBS and examined with a fluorescence microscope. The supernatants of the COS-7 cells transfected with pCDI and pCDI-CKLF1 were collected for bioassay 48 h after transfection.
Western blot analysis of CKLF1-EGFP, CKLF2-EGFP and CKLF4-EGFP in the supernatants of COS-7 cell culture
The supernatants of COS-7 cells transfected with the four different EGFP constructs were collected 48 h after transfection ; 70 µl of each was subjected to SDS\PAGE [12.5 % (w\v) gel] and transferred electrophoretically to nitrocellulose membrane. The membranes were reacted with EGFP polyclonal antibody (Clontech) and then with HRP-conjugated anti-IgG ; the signal was detected by enhanced chemiluminescence (Pierce, Rockford, IL, U.S.A.).
Chemotaxis assays
Human neutrophils, monocytes and lymphocytes were isolated from peripheral blood of young healthy volunteers as described previously [8] . Purified neutrophils were resuspended at 10' cells\ml in Hanks balanced salt solution ; monocytes and lymphocytes were resuspended at 2i10' and 5i10' cells\ml respectively in RPMI 1640 medium (Life Technologies, Grand Island, NY, U.S.A.) supplemented with 0.5 % low-endotoxin BSA (Sigma) and 20 mM Hepes. Cell migration was measured in a 48-well chemotaxis chamber (Neutroprobe ; Cabin John, MD, U.S.A.) as described by Sarafi et al. [9] . The lower wells were filled with the supernatants of COS-7 cells transfected with pCDI or pCDI-CKLF1. All samples were assayed twice in triplicate. The PVDF-free polycarbonate membranes (Poretics, Livermore, CA, U.S.A.) for neutrophils were 3 µm in pore size and the incubation time was 30 min, and for monocytes and lymphocytes 5 µm pore-size membranes and 90 min were used.
DNA injection and preparation of muscle sections
All experiments involving animals were approved by the Peking University Animal Care and Use Committee. BALB\c mice 6-8 weeks old were injected with 100 µl of pyrogen-free physiological saline containing 100 µg of pCDI-CKLF1 or pCDI into the anterior tibial muscle, and an electric pulse (40 ms, 80 V) was generated to enhance the DNA uptake [10] . After 10 days the mice were killed and the injection sites were excised. Parts of the muscle biopsies were processed by routine histology, stained with Feulgen, acid α-naphthyl acetate esterase (ANAE), peroxidase (POX) and haematoxylin-eosin (HE) and observed microscopically. Other parts of muscle biopsies were prepared for the extraction of total RNA with Trizol (Life Technologies) for RT-PCR.
RESULTS
Development of differentially expressed cDNA sequences
With the use of the SSH method we have isolated genes whose expression could be inhibited by IL-10 in PHA-stimulated U937 cells. Screening the sequences of the first 15 clones containing inserts of more than 200 bp in the GenBank Database revealed that six clones including CKLF1 might be fragments of novel genes (results not shown). Northern blot analysis of CKLF1 demonstrated that it could be inhibited by IL-10 and that its mRNA was approx. 0.6 kb long ( Figure 1 ). 
Isolation and characterization of the full length of CKLF1 cDNA and encoding protein sequences
The CKLF1 fragment isolated from the PHA-stimulated U937 cDNA library by the SSH method included a poly(A) tail and a single polyadenylation signal of a rare type (ATTAAA) that is also found in human eotaxin and TARC (thymus and activationregulated chemokine) [11, 12] . This suggests that the fragment contains a complete 3h untranslated region [13, 14] .
There is an open reading frame encoding 99 residues with an ATG initiation codon at nt 96-98 whose surrounding sequence (GCGATGG) matches Kozak's rule [15] . It was a novel sequence after a search of the NR database in GenBank, but when a BLAST search of the EST database was conducted, some EST fragments derived from different cDNA libraries were identical with, or of high similarity to, our EST fragment. With the use of the EST Assembly Machine [6] we extended 52 nt beyond the 5h untranslated region of the original CKLF1 cDNA sequence. Northern blot analysis indicated that CKLF1 had the expected molecular size. To verify the EST extension, we successfully amplified the full-length cDNA sequence of CKLF1 from the PHAstimulated U937 cell cDNA library with the primers P1 and P2
Figure 3 Protein sequences of CKLF1, CKLF2, CKLF3 and CKLF4
The underlined sequences show the putative transmembrane regions of CKLF2 and CKLF4. as described in the Materials and methods section. The fulllength cDNA and predicted amino acid sequences of CKLF1 (GenBank accession number AF096895) are shown in Figure  2(A) . The open reading frame of CKLF1 cDNA encodes a highly basic and hydrophobic polypeptide of total 99 residues with a calculated molecular mass of 10.9 kDa. The deduced CKLF1 protein contained no putative N-glycosylation site, and no typical signal cleavage site was revealed by searching on the Signal P server [16, 17] , but it could be secreted from cells, as determined later by gene transfer assay and Western blotting. Some proteins without leader sequences have been discovered in other laboratories, including mammary-derived growth inhibitor, thio- redoxin, IL-1 and macrophage migration inhibitory factor 2 [18] . Hence CKLF1 might use another release mechanism. It was found that the amino acid sequence of CKLF1 had only limited similarity to that of the permease of Caenorhabditis elegans (AF025452) and shared no obvious similarity with other proteins. CKLF1 protein possesses two unique structural characteristics : (1) it contains three cysteine residues, the last two of which are organized in a pattern characteristic for the CC chemokine subfamily, and (2) it shares no significant similarity with other chemokines of CC family by BLAST searching. However, handoperated alignment of CKLF1 with TARC and stimulated T-cell chemotactic protein 1 (STCP-1) [19] , two of the members of CC chemokines located on chromosome 16, indicated the positioning of identical key residues near the CC motif ( Figure 2B ).
Figure 5 Expression of CKLF1 and its isoforms in human tissues
Cloning of three isoforms of CKLF1
With the RT-PCR technique we amplified the full cDNA sequence of CKLF1 from the PHA-stimulated U937 cell cDNA library. To our surprise, three additional bands were found. After they had been cloned and sequenced, we designated them CKLF2 (AF135380), CKLF3 (AF135381) and CKLF4 (AF145216). In U937 cells, the expression levels of CKLF2, CKLF3 and CKLF4 were lower than that of CKLF1 (results not shown). This might be one of the reasons that there was only one CKLF1 band in the Northern blot. The higher sensitivity of RT-PCR gives it the potential to detect the rare transcripts that are difficult to find by Northern blotting. DNA sequencing and open reading frame analysis revealed that CKLF2, CKLF3 and CKLF4 encoded 152, 67 and 120 residues respectively. They shared conserved N-terminal and C-terminal ends with CKLF1, but were structurally different within the region from residues 27 to 111 of CKLF2. All of them maintained the CC motif of chemokines. By the amino acid numbering of the longest isoform 
Figure 6 Analysis of the subcellular localization of EGFP, CKLF1-EGFP, CKLF2-EGFP and CKLF4-EGFP fusion proteins
CKLF gene location and structure
Comparing the cDNA sequence of CKLF2 with the working draft of the human genome produced by the Human Genome Project, we found that two clones located on human chromosome 16 had high similarity to the CKLF2 cDNA sequence by searching the HTGS database. The putative CKLF gene consists of four exons and three introns. The sequences of intron-exon junctions matched the consensus sequence of eukaryotic splice junctions ( Figure 4A ) [19] . Alignment of the CKLF gene with the cDNA sequence showed that exons 1, 2, 3 and 4 encode amino acids 1-26, 27-79, 80-111 and 112-152 of CKLF2 protein respectively ( Figure 4B ). CKLF1, CKLF2, CKLF3 and CKLF4 have exons 1 and 4 in common but selective usage of exons 2 and 3. Therefore it can be concluded that they are alternative RNA splicing variants.
Distribution of CKLF1 mRNA in human tissues
CKLF1 mRNA had diverse variants in PHA-stimulated U937 cells. RT-PCR analysis with the Multiple Tissue cDNA Panel kit (Clontech) revealed that CKLF1 and its variants had higher expression levels in human spleen, lung, testis, ovary, peripheral blood leucocyte, placenta, pancreas, fetal brain, fetal skeletal muscle, fetal thymus and heart compared with that in human skeletal muscle, liver, thymus, colon, prostate, fetal spleen and fetal liver ; in other human tissues, including human brain, renal, heart and intestine and fetal lung and renal, the expression of CKLF forms was barely detected. For most tissues the expression levels of CKLF1 and CKLF2 were similar and higher than that of CKLF4, whereas the expression level of CKLF3 was the lowest among the CKLF isoforms ( Figure 5 ).
Subcellular localization of CKLF1, CKLF2 and CKLF4
To investigate the subcellular localization of CKLF1, CKLF2 and CKLF4, we generated fusion cDNA species in which the coding sequence for EGFP was positioned in frame with the Cterminus of CKLF1, CKLF2 and CKLF4. These fusion constructs and the control vector were transfected into COS-7 cells. The distribution of fluorescence in living cells was examined with a fluorescence microscope. Cells expressing control EGFP exhibited bright green fluorescence that could be seen throughout
Figure 8 Chemoattraction of leucocyte subsets by CKLF1
Human peripheral blood lymphocytes (>), monocytes (4) and neutrophils () were exposed in a micro-chamber to increasing dilutions of supernatants from a transfected COS-7 cell culture ; the numbers of cells that migrated to the membrane were determined. Migrated cells were counted under a microscope at i400 magnification in five randomly selected fields per well. Abbreviation : CI, chemotactic index. the transfected cells ; there was no specific subcellular localization ( Figure 6A ). In cells expressing CKLF1-EGFP, weak fluorescence was detected throughout the cells ( Figure 6B ). On the basis of the structural characteristics of CKLF1, it can be supposed that much of the CKLF1-EGFP protein was secreted into the cell culture supernatant. In contrast, CKLF2-EGFP and CKLF4-EGFP are predominantly located on the cell periphery, while only limited CKLF2 and CKLF4 directed fluorescence were detected in other cellular locations ( Figures 6C  and 6D ). HEK-293 cells yielded identical results, confirming that the subcellular localizations of CKLF1, CKLF2 and CKLF4 were not unique to COS-7 cells (results not shown).
CKLF1 is expressed in the secreted pathway
From the subcellular localization study we speculated that CKLF1 was a secreted protein. To confirm this, the supernatants of COS-7 cells transfected with four different constructs were collected and subjected to SDS\PAGE. Western blot analysis verified a specific band with molecular mass of approx. 38 kDa (Figure 7 ), which is in accord with the size of the CKLF1-EGFP fusion protein. There was no obvious band in the lanes of control EGFP, CKLF2-EGFP or CKLF4-EGFP. Therefore we can conclude that CKLF1 is a secreted protein, although its signal cleavage site remains to be determined, whereas CKLF2-EGFP and CKLF4-EGFP could not be detected in the supernatants of cell culture. Moreover, computer analysis of CKLF2 and CKLF4 indicated that they contained a highly hydrophobic region of 27-79 amino acids and might be transmembrane proteins. After we had submitted the sequence of CKLF2 to GenBank, two additional sequences were submitted from other laboratories, both with the same coding sequence as CKLF2. One of them, AF057306, is identified as a transmembrane proteolipid, indicating that CKLF2 is a transmembrane protein.
Chemotactic activities of recombinant CKLF1 in vitro
To investigate the biological activity of CKLF1 we constructed a mammalian expression vector pCDI-CKLF1 that contained the full length of the CKLF1 coding region. Another construct was a control expression vector without any cDNA insert. Separated cultures of COS-7 cells were transfected with each of the two constructs ; the supernatants from cell cultures were collected for chemotactic analysis. The chemotactic properties of recombinant CKLF1 on different cell populations were evaluated by using transwell migration assays. The chemotactic activity of CKLF1 is expressed as the chemotactic index (the ratio between the number of cells that migrated in the supernatants of pCDI-CKLF1-transfected cells and the number of cells that migrated in the supernatants of the control vector pCDI-transfected cells) [20] . The supernatants from the pCDI-CKLF1-transfected cells had chemotactic effects on human neutrophils, lymphocytes and monocytes compared with the control supernatants ( Figure  8 ). We obtained a similar result with the Drosophila melanogaster S2 cells expression system, which indicated that the chemotactic activity of CKLF1 was not unique to the supernatants of COS-7 cells (results not shown).
Chemotactic potency of CKLF1 in vivo
The chemotactic properties of recombinant CKLF1 were further analysed after the administration of naked plasmid DNA in i o. Purified endotoxin-free plasmids were injected into the anterior tibial muscles of BALB\c mice. At 10 days after injection the CKLF1 expression level was high when examined using the RT-PCR technique (results not shown). When the muscle crosssections were stained with Feulgen, there were many more nuclei in the mice injected with pCDI-CKLF1 than with pCDI ( Figures  9A and 9B ). This suggested that CKLF1 could elicit leucocyte recruitment or stimulate muscle stem cell proliferation, or both, in i o. To verify the chemotactic activity of CKLF1 in i o, some muscle cross-sections were stained for POX or ANAE, and then re-stained with HE [21] . As illustrated in Figures 9(D) and 9(F), many cells showed strong POX or ANAE activity, whereas in Figures 9(C) and 9(E) no positive cells are seen. It is known that POX-positive cells are mainly neutrophils and ANAEpositive ones are monocytes and T lymphocytes [22] . On the basis of these enzyme activities and a morphological study of other sections (results not shown), we conclude that CKLF1 can attract monocytes, neutrophils and lymphocytes, which is in agreement with the chemotactic effects of CKLF1 in itro.
CKLF1 promotes morphological changes in skeletal muscle cells in vivo
After the muscle biopsies were fixed and sectioned, some of the muscle cross-sections and vertical sections were stained with HE. In addition to the infiltration of more cells in muscle expressing CKLF1, there were also morphological changes. Figure 10 illustrates the effect of CKLF1 expression on skeletal muscles morphologically. Central nuclei were visible within the muscle fibres in cross-sections of the CKLF1 group ( Figure 10B) ; no central nuclei were observed in the control mice ( Figure 10A ). With regard to the vertical sections the nuclei were located in the middle of the muscle fibres, like a string of beads ( Figure 10D ).
The existence of such changes in the nucleus indicated that the muscles were undergoing continuing regeneration that might be induced by satellite cell activation [23] . Further experiments are needed to confirm whether this activation is affected directly by CKLF1 or indirectly by the cytokines produced from the attracted leucocytes.
DISCUSSION
We have successfully cloned a novel cytokine, CKLF1, as well as its three splicing variants by a new approach. To find more cytokines, the strategy could also be used in other cytokineproducing cells in combination with different inhibitory factors of cytokine synthesis. The results from transfections of COS-7 cells and HEK-293 cells with CKLF1-EGFP, CKLF2-EGFP and CKLF4-EGFP constructs indicate that CKLF1 is a secreted protein, whereas CKLF2 and CKLF4 are transmembrane proteins. The other variant, CKLF3, is still under study, although on the basis of a computer analysis we propose that CKLF3 is expressed in the same way as CKLF1. It is interesting that differentially spliced CKLFs can be either secreted or transmembrane isoforms. It has been reported that a novel CC chemokine, Eskine, is produced as two splice variants arising as a result of alternative 5h exon usage [24] . One of them is a classical secreted chemokine ; the other is targeted to the nucleus. With regard to CKLF variants, we consider that their cell localizations are caused by a selective use of a highly hydrophobic region of residues 27-79. Structurally, CKLF1 contains three cysteine residues, of which the last two are organized in a pattern characteristic of the CC chemokine subfamily and the first is likely to be located within the signal peptide. CKLF1 is different from a classical chemokine in that it has no additional cysteine residue in its C-terminal region. The CKLF1 gene is located on human chromosome 16 and shows only very weak similarity to the CC chemokines TARC and STCP-1 [25] , the only two known CC chemokines located on chromosome 16, whereas most CC chemokines are located on chromosome 17 [26] . Fractalkine, the sole CX3C chemokine and transmembrane chemokine, is also on chromosome 16 [25] . Because recombinant CKLF1 exhibits potent chemotactic activity on a broad spectrum of leucocytes both in itro and in i o, we consider that CKLF1 and its variants could be classified as a new chemokine family ; there might be an evolutionarily conserved relationship between CKLFs, TARC, STCP-1 and fractalkine.
The expression of recombinant CKLF1 in muscles could stimulate the proliferation and differentiation of the skeletal muscle cells, which is compromised by the effect of insulin-like growth factor 1 expression in extensor digitorum longus muscles of young adult mice [27] . We propose that there might be three possible mechanisms by which CKLF1 could regulate muscle regeneration : first, CKLF1 itself could affect the proliferation and differentiation of skeletal muscle satellite cells in the same way as insulin-like growth factor 1 ; secondly, the leucocytes attracted by CKLF1 could produce different kinds of cytokine when activated, which could influence the growth of myogenic cells ; thirdly, CKLF1 could have a synergistic action with some of the secreted cytokines to increase the rate of cellular proliferation and the formation of myotubes. Further experiments will be required to validate our hypothesis.
In summary, we have successfully isolated a novel cytokine CKLF1 and its three variants. Its expression level could be partly decreased by IL-10. Functional studies verified its chemotactic properties and its enhancing effects on the proliferation and differentiation of skeletal muscle cells.
